Despite the best weed control efforts, weed escapes are often present in large production 18 fields prior to harvest, contributing to seed rain and species persistence. Late-season surveys 19 were conducted in cotton (Gossypium hirsutum L.) fields in Texas in 2016 and 2017 to identify 20 common weed species present as escapes and estimate seed rain potential of Palmer amaranth 21 (Amaranthus palmeri S. Watson) and waterhemp [A. tuberculatus (Moq.) J.D. Sauer], two 22 troublesome weed species with high fecundity. A total of 400 cotton fields across four major 23 cotton-producing regions in Texas [High Plains (HP), Gulf Coast (GC), Central Texas, and 24 Blacklands] were surveyed. Results have revealed that A. palmeri, Texas millet [Urochloa 25 texana (Buckley) R. Webster], A. tuberculatus, ragweed parthenium (Parthenium 26 hysterophorus L.), and barnyardgrass [Echinochloa crus-galli (L.) P. Beauv.] were the top five 27
and known to exhibit high fecundity, little is known on the extent of late-season escapes of 86 these species across the state and their seed rain potential. Moreover, limited information is 87 available on the commonly occurring weed escapes in cotton production fields in Texas. The 88 objectives of this study were to (1) document the weed species commonly occurring as late-89 season escapes in cotton fields across Texas, and (2) estimate the densities and seed rain 90 potential of A. palmeri and A. tuberculatus escapes prior to the cotton harvest. A semi-stratified survey was conducted by modifying the method described by 106 Bagavathiannan and Norsworthy [24] . Survey sites were preselected randomly on a Google ® 107 map (min distance of 5 km between sites) without any prior knowledge of the species 6 108 composition of the sites, using the ITN Converter software (version 1.88; Benichou Software).
109
The survey itinerary was then loaded on to a GPS device (TomTom International, De   110 Ruijterkade 154, Amsterdam, Netherlands) to assist with navigation to the survey sites (see S1 111   Table) . If a cotton field was not present in a predetermined survey site (i.e. randomly selected 112 on the Google ® map), the next cotton field that appear first along the survey route leading to the 113 next preselected site was used for sampling, and the GPS coordinate of that field was recorded.
114
In this manuscript, the preselected survey sites were denoted as 'primary sites', which were used 115 for documenting commonly occurring weed escapes (objective 1), as well as to report the 116 densities and seed rain potential of A. palmeri and A. tuberculatus, if present (objective 2).
117
However, to increase the sample size for the objective 1 dataset, this survey was also conducted 118 in the cotton fields occurring in-between two primary sites along the survey route, and they 119 were noted as 'secondary sites' in this manuscript. Data pertaining to objective 2 were not 120 collected in the secondary survey sites as it was too laborious and required more resources. A 121 total of 213 primary survey sites and 187 secondary survey sites were visited across the state in 122 two years (2016 and 2017), and no sites were common between the years. The fields in the 123 Lower GC region were only surveyed in 2017.
124
Three most common weed species infesting each survey site were identified visually by 125 walking in a zig-zag manner between the cotton rows in the front 50 m row length (approx.) of 126 the field and data were recorded for a representative width of 50 rows. The top three weed 127 species were ranked (first, second, and third), based on the frequently of occurrence in the field.
128
The densities of A. palmeri or A. tuberculatus escapes were estimated by randomly placing 129 three 1 m 2 quadrats between two cotton rows in the 50 m long x 50 row-wide area (described 130 above), such that the densities in the quadrats represented average densities in sites/patches where the species occurred. Then, the approximate area (%) of the entire cotton field infested 132 with A. palmeri or A. tuberculatus escapes was visually estimated based on their distribution and 133 densities. Finally, the weed escape density ha -1 was calculated based on total field area infested 134 (%) and average number of plants m -2 . 135 To estimate the seed rain potential of A. palmeri or A. tuberculatus, plants present in the 136 quadrats were clipped at the base, placed in individual paper bags, and dried at 50 C for 48 h. The seeds were then counted using an automatic seed counter (DATA SJR, Data Technologies,
141
Kibbutz Tzora, Israel). The common weed escapes occurring at regional and state levels were determined 145 following the procedure described by Sarangi and Jhala [20] . Three, two, and one frequency 146 points were assigned to the first, second, and third ranked weed species, respectively, and 147 relative frequency points were calculated for each weed species using the equation:
where is the number of times a particular rank ( ) was assigned to a certain weed 150 species, X is the frequency points associated with a given rank, and is the total number of 151 fields surveyed.
152
The seed rain potential by A. palmeri and A. tuberculatus escapes was presented as an 153 average value with standard errors of the means (SEM) calculated based on the replicated 8 154 data. The data were presented descriptively using box-plots to illustrate the range for the seed 155 rain potential across different regions in Texas. Beauv.] as the top-five frequently found weed species among the late-season escapes (relative 165 frequency points ranged between 0.5 and 1.7 out of the maximum possible points of 3.0) (Table   166 1; Fig 1) . The relative frequency point for A. palmeri was the greatest (1.7) among all the weed 167 species, illustrating the prevalence of A. palmeri escapes across the major cotton production 168 regions in Texas. Moreover, A. palmeri was the most commonly occurring weed species in the 169 HP (Upper, Central, and Lower HP) and Lower GC regions, and was also among the top-five 170 weeds in the Blacklands and Central Texas regions (Fig 1) . the Blacklands region (Fig 1) . Amaranthus tuberculatus appears to be adapted to the high GC regions, and the third most common weed escape in the Lower GC region (Fig 1) . It was 211 also the most prevalent grass weed escape in Texas cotton ( regions of Texas has revealed that A. palmeri was the dominant species occurring as a late-season 289 escape, whereas A. tuberculatus was the second most prevalent broadleaf weed species. This 290 survey also showed that A. palmeri and A. tuberculatus escapes can greatly contribute to soil 291 seedbank, with seed rain potential reaching several million seeds ha -1 . Even the lowest seed rain 292 potential observed here (~200,000 seeds ha -1 ) was significant in terms of sustainable seedbank 293 management. Assuming a 50% incorporation of the seed to the soil seedbank, a 10% seedling 
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Overall, results of this survey showed that A. palmeri and A. tuberculatus plants 314 commonly occurred as late-season escapes in cotton production fields in Texas, and that seed rain 315 potential from these escapes is significant, though the density of occurrence and fecundity varied 316 across environments. This information is highly valuable for creating awareness among weed 
